For sample-comparison relations to be symmetric in matching-tosample (MTS) tasks, the directly taught relations must be reversible: The sample must operate as a comparison, and the comparison as a sample, without explicit reinforcement. Symmetry is one of the defining characteristics of stimulus equivalence, and it has been demonstrated with varieties of subjects (e.g., Devany, Hayes, & Nelson, 1986; Fields, Adams, Verhave, & Newman, 1993; Sidman & Tailby, 1982; Sidman, Willson-Morris, & Kirk, 1986) .
Some studies have explored how the preexperimental properties of stimuli influence the emergence of equivalence classes (Barnes & Keenan, 1993; Leslie, Tierney, Robinson, Keenan, & Watt, 1993; Plaud, 1995) . Three other studies have shown how prior training influences likelihood of forming new equivalence classes. Wulfert, Dougher, and Greenway (1991) showed that prior training to attend to the relations among pictorial stimuli enhances the likelihood of subsequent equivalence class formation while prior training to attend to pictorial stimuli as elements of a compound inhibits the likelihood of forming new equivalence classes. Buffington, Fields, and Adams (1997) , and Fields, Reeve, Rosen, Varelas, Adams, Belanich, and Hobbie (in press) showed that likelihood of forming new equivalence classes is a direct function of the size and the number of nodes in previously established equivalence classes.
One purpose of the current study is to assess how the preexperimentally established sequential dependence of stimuli used in conditional discriminations influences the emergence of performances indicative of symmetry. A second goal is to determine how an experimentally controlled prior history of exposure to learning of conditional relations that vary sequential dependence influence the test performances that follow the learning of new conditional relations.
The effects of these variables will be evaluated by presenting subjects with conflict tests with options to respond either in accordance with symmetry or in accordance with sequence.
Experiment 1
As suggested by Stikeleather and Sidman (1990) false negative as well as false positive scores on tests for emergent relations can result from the subject's history outside the laboratory. For instance, when samples and corresponding comparison stimuli are numbers in sequence, or letters in alphabetical order, symmetrical relations may be masked if test trials include the option to respond in accordance with sequence. The present study examined the proportions of subjects showing symmetry after they were trained with stimuli varying their degree of sequential dependence. There were three levels of sequentiality: (a) letters in alphabetical order (high), (b) letters in alphabetical order, skipping every other letter (moderate), or (c) arbitrarily related Greek letters (no). The tests following training with high and moderate degrees of sequential dependence share some features with the within-class preference tests used by in that comparison selection indicates what properties of the sample-comparison relation characterize the comparison selection. However, the present test is a property-preference test rather than a within-class preference test. The subjects are not forced to make a within-class preference. Rather, class partitioning is allowed to occur in accordance with either of two mutually exclusive properties of samplecomparison relations: sequential dependence or symmetry.
A recent experimental history with sequence-related stimuli may favor the emergence of sequential relations in a new stimulus set, whereas a recent exposure to stimuli demonstrated to be symmetrically related in a previous test may favor the emergence of symmetry in new material. Therefore, the present study included three different task orders, beginning with either of the three stimulus sets.
Some studies report correlations between verbal reports and test performances indicative of equivalence (Lane & Critchfield,1996; Wulfert et aI., 1991) . In the present experiment, a postsession interview was conducted to identify potential sources of inter-and intrasubject variability in performances in accordance with symmetry vs. sequential relations.
Method

Subjects and Design
The subjects were 40 staff-members from two residential and treatment centers for retarded and autistic children and youths. All subjects volunteered to participate in the experiment, and none were familiar with the equivalence paradigm. The subjects were assigned to one of three groups and exposed to a group specific training order, as shown in Table 1 . Twenty subjects were first exposed to the highly sequential task, secondly to the moderately sequential task, and, finally, to the no-sequence task. Ten subjects were exposed to the tasks in the opposite order, starting with the no-sequence task. To test the relative importance of previous exposures to the high-versus nosequence materials during the moderate condition, the last 10 subjects were first exposed to the moderately sequential task, and then to the highly sequential task. 
Apparatus
A personal computer controlled stimulus presentation and data collection. A transparent touch screen was mounted in front of the monitor. When subjects touched the visually displayed stimuli, the computer program recorded the location of the touch. A cassette player controlled by the computer arranged automatic onset of music following correct responses to comparison stimuli.
Stimulus material. Visual stimuli were displayed on the monitor within three response keys. These were squares of approximately 7 cm x 7 cm, delineated by lines 2 mm wide. The sample key was centered in the upper half of the screen. Two comparison keys were located below. The center-to-center distance between the lower keys was about 8.0 cm.
The experiment included three different conditions, varying the level of sequential dependence between each sample and correct comparison stimulus, as shown in Table 2 . In the condition with high sequential Table 2 Stimulus Materials Used in Three Different Experimental Conditions
Condition
Training Test
Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Sa C+ C-Sa C+ C-Sa C+ C-Sa sym seq Sa sym seq dependence, Roman letters in alphabetical order (e.g., P and Q) were used as the sample and corresponding comparison stimuli. For moderate sequential dependence, the letters used as sample and correct comparison stimuli were separated by one letter (e.g., Sand U).
In the no-sequential-dependence condition, arbitrarily selected Greek letters were used as sample and comparison stimuli.
Procedure
General information to the subjects. The subjects were told that the experiment was concerned with tasks presented on a computer monitor, and that the experimental session would last approximately 20 min. depending on how rapidly and correctly they responded.
Instructions. The subjects were given the following instructions:
"Your task is to touch stimuli as they appear on the screen. When you touch the first stimulus, two more stimuli will appear in the squares below. One of these is the correct one to touch. A correct response will be followed by music from the cassette player. A blank screen will follow an incorrect response for 5 seconds before a new trial starts. There will be three (two for Group 3) different training parts, each followed by a test. During the tests, there will be no different consequences for correct and incorrect responses -no music and no blank screen." Training and testing. All trials started with the presentation of the sample stimulus. A touch anywhere within the square containing the sample was immediately followed by the presentation of the two comparison stimuli. The comparison stimuli changed their positions on the two keys at random from trial to trial. Touching the correct comparison stimulus was followed by music for 2-3 seconds. Touching the incorrect stimulus led to the immediate blanking of the monitor.
The high sequentiality condition consisted of three training phases and a test. Advancement from one training phase to the next required 10 consecutive correct trials. In Phase 1, P was the sample, and Q and G were the comparison stimuli: P (Q, G). Q was correct. During Phase 2, the stimulus set was F (G., Q). In the third phase, the two stimulus sets were quasi-randomly intermixed so that the same sample never appeared more than three times in succession.
The test was divided into two phases. In the first phase, the stimulus sets Q (P, R) and G (F, H) were presented in a quasi-random order over 10 trials. Selecting P when Q was the sample, and F when G was the sample was in accordance with symmetry. Alternatively, selecting R in response to Q and H in response to G meant responding in accordance with the alphabetical order relation.
The second phase of the test was the same as the first, except that on the first four trials P and F were the comparison stimuli with G and Q as samples on two trials each. These four trials, lacking the sequence option, were interpolated to see if the number of subjects showing symmetry would increase when responding in accordance with sequence was precluded.
In the moderately sequential condition the stimulus sets used during training were J (1:, U) and S CU, L). During the first phase of the test, the stimulus sets were L (J, N) and U (S, W). Again, the second phase was the same as the first, except for the first four trials, on which J and S were the comparisons with Land U as the samples. In the condition with no sequential dependence, the stimulus sets consisted of Greek letters: alpha (gamma, phi) and delta (Qhl, gamma). The two sets were presented in mixed order from the start, and the learning criterion was 22 successive correctly completed trials. (The modification of the training procedure in Condition 3 was simply a matter of programming convenience at the time. It was corrected in the following experiment with no diverging results.) During the test, gamma and phi served as samples and alpha and delta as comparisons.
Postexperimental interview. The purpose of the interview was to identify classes of reported collateral behavior correlating with either of the emergent relations. Subjects in the first two groups, who had been exposed to all three tasks, were asked questions of increasing specificity regarding their collateral behavior during the experiment. We asked: (1) What did you do to accomplish the tasks? (2) Did you have names for the letters or stimuli? (3) Did you visualize the letters or stimuli? (4) Did you have any special names for these symbols (showing the Greek letters alpha, delta, phi, and gamma) during the experiment? The questions were suggested by informal interviews from a pilot examination of the experimental procedures with subjects not participating in the present study.
Results
For the first and second phases of each test for each subject, an index of symmetry/sequence choice was calculated by dividing the number of symmetry selections to comparison stimuli by 10, the total number of trials during each phase of the test. Indices of 1.0 or 0.9 were defined as reflecting selection in accordance with symmetry, while indices of 0.0 or 0.1 were defined as selection in accordance with the sequential relation, except during the no-sequence condition, because this task did not have an option for responding in accordance with sequence. The percentage of subjects with indices 1.0 or 0.9 and the percentage of subjects with indices of 0.0 or 0.1 were calculated only for the first phase of each test, because responding in accordance with sequence was not possible during the first four trials of the second phases of the tests with sequentially dependent stimuli. Figure 1 shows the percentages of subjects responding in accordance with symmetry during tasks with different levels of sequential dependence when the subjects have no prior exposure to the other stimuli in the experiment. As depicted in Figure 1 , and shown by a log linear regression analysis, the likelihood of responding in accordance with symmetry was an inverse function of the sequential dependence of the stimuli used as sample and correct comparison, x 2 (2, N = 40) = 11.33, P < 0.005.
The order in which the subjects were exposed to tasks with different levels of sequential dependence influenced the likelihood of responding in accordance with symmetry. Figure 2 , upper panel, plots the percentages of subjects responding in accordance with symmetry with each stimulus set (high, moderate, or no sequence dependence), as a function of previous exposures to stimulus sets that differ in level of sequential dependence. Arrows on the graph indicate the order of exposures for subjects in each group. First, with the highly sequentially dependent stimuli, and with no prior exposure, 25% of the subjects responded in accordance with symmetry. A higher percentage (50%) of the subjects responded in accordance with symmetry on this task 
Levels of sequential dependence Figure 1 . Percentages of subjects responding in accordance with symmetry during tasks with different levels of sequential dependence, when subjects have no prior exposure to the experimental tasks.
following a prior exposure to stimuli that have only moderate levels of sequential dependence. The highest percentage (70%) of subjects responded in accordance with symmetry on the highly sequential task when the subjects had initially been exposed to stimuli that had no sequential dependence, and then to stimuli with a moderate level of sequential dependence. Furthermore, Figure 2 shows effects of prior exposures on the percentage of subjects who respond in accordance with symmetry to stimuli that are related to each other in terms of moderate sequential dependence. When the subjects had no prior exposures , 50% of subjects responded in accordance with symmetry. Prior exposure to stimuli with no sequential dependence increased the portion of subjects who responded to the moderately sequence-dependent stimuli in accordance with symmetry to 90%, whereas prior exposure to stimuli with a high level of sequence dependence did not significantly influence this percentage (45%). Figure 2 also shows that the percentages of subjects who responded in accordance with symmetry to the stimuli that were not sequentially dependent was 90% with no prior exposures and '-co
c en 100
....... :;:,
45
.cC"
Levels of directionality In the bottom panel, the percentages of subjects responding in accord with the directional relation (index < 0.1) as a function of training condition (high, moderate, or no sequentiality). Arrows indicate the order in which these training conditions were presented.
85% following a prior exposure to stimuli with high and moderate degrees of sequential dependence. Thus, prior exposure to stimuli with a higher level of sequential dependence did not significantly influence the likelihood of symmetry on the task with no sequential dependence. The likelihood of subjects responding in accordance with symmetry was significantly higher when they had initially been exposed to the nosequence condition than when they were first exposed to the stimuli with the high degree of sequential dependence, both in the high-sequential condition (70% vs. 25%), x 2 (1, N = 30) = 5.63, P < 0.02, and in the moderate-sequential condition (90% vs. 45%), x 2 (1, N = 30) = 5.63, P < 0.02), but not in the no-sequence condition. Thus, a loglinear regression analysis showed that the likelihood of symmetry was influenced differentially across conditions as a function of training order, x 2 (3, N = 12) = 26.12, P < 0.0001.
The lower panel of Figure 2 shows percentage of subjects responding in accordance with the sequence relation with the highly and with the moderately sequence-dependent stimuli, as a function of prior training. Although no subjects from any of the three groups had indices of 0.0 or 0.1 during the no-sequence condition, these data are not included in the figure, because the test during the no-sequence task had no option for responding in accordance with sequence. The highest percentage of subjects (45%) responded in accordance with sequence on the highly sequencedependent task when the subjects had not previously been exposed to any of the less sequentially dependent stimuli. During the following task with the moderately sequence-dependent stimuli, 35% of the subjects in this group responded in accordance with sequence. None of the subjects who were initially exposed to the no-sequence task responded in accordance with sequence on the task with a moderate level of sequential dependence, and not even during a final exposure to the stimuli with the high level of sequential dependence.
The higher probability of responding in accordance with sequentiality for subjects who were initially exposed to the stimuli with a high level of sequential dependence than for subjects who had initially been exposed to the no-sequence task was statistically significant during both the highly sequential condition, x 2 (1, N = 30) = 7.50, P < 0.01, and during the moderately sequential condition, x 2 (1, N = 30) = 4.57, P < 0.05.
When considering individual data, subjects who had responded in accordance with symmetry during a task with a higher level of sequential dependence also responded in accordance with symmetry during a following task with less sequential dependence. There was one exception to this pattern, in which an index of 1.0 on the moderately sequential task was followed by 0.7 on the no-sequence task. However, this subject specifically noted that she got the stimuli mixed up during the test with the Greek letters.
The results from the second test phase of the highly sequential task showed that 5 of 11 subjects who had responded unsystematically during the first test phase had changed to responding in accordance with symmetry and continued to do so even when the sequence option was reinstated after the first four trials of the second phase of the test. However, none of 12 subjects who responded in accordance with sequence during the first test phase abandoned the sequential pattern of responding when the sequence option reemerged during the final six trials of the second test phase. During the moderately sequential condition, only 3 of 7 subjects, who responded in accordance with sequence and who had previously been exposed to the highly sequential condition, changed to responding in accordance with symmetry when the sequence option was reinstated during the last six trials of the second test phase. None of the subjects, who responded unsystematically during the first test phase and/or had no prior training with the highly sequential stimuli, changed to responding in accordance with symmetry during the second test phase.
Self-Report Data
Data from the interview were scored as follows: Answers such as "I said to myself P Q P Q" were scored as R (repetition). Answers such as "I imagined them together" and answers describing the shape of the figures were scored as visualizing/naming (V). Reports about reciting the alphabet, starting with letters before those presented as sample and comparisons were scored as alphabetical recitals (A).
The percentages of subjects reporting each kind of rehearsal strategy in each condition during training are shown in Table 3 . There was a significant correlation between the type of rehearsal strategy and the level of sequentiality, x 2 (4, N = 83) = 67.47, P < 0.0001. Also, reported rehearsal strategies were influenced by task order. In particular, during the sequential conditions, repetition was reported more often in the No-Mod-Hi group than in the Hi-Mod-No group, and alphabetical responding was more often reported by the Hi-Mod-No group. A Table 3 Self loglinear analysis showed that there was a statistical significant correlation between type of reported rehearsal strategy and the sequence of tasks, x 2 (2, N = 83) = 7.30, P < 0.05. Further, there was a correspondence between reported rehearsal strategy and test performances, as shown in Figure 3 . In 27 of the 29 cases in which repeated naming was reported, the subjects responded in accordance with symmetry during the first phase of the test. When visualizing/naming was reported, the corresponding numbers were 26 of 28. Responding in accordance with sequence never accompanied the report of these strategies. When the reciting of letters in alphabetical order was reported in the conditions with the sequence option, the subjects did respond in accordance with sequence in 15 of 26 cases, and in accordance with symmetry in 3 of those 26 cases.
Discussion
The likelihood of responding in accordance with symmetry was an inverse function of the sequential dependence of the sample and its corresponding comparison during training. Also, the experimental history played a marked role in influencing the emergence of symmetry-based performances. The results from the moderately sequential task show that whereas a previous exposure to the highly sequential task facilitated sequential responding, a previous exposure to the no-sequence task enhanced responding in accordance with symmetry. Data from the condition with a high level of sequential dependence show that initial exposure to stimuli that foster responding in accordance with symmetry "inoculate" against competing control by sequential dependence among stimuli. Further, the effect is scalable. Moderately sequential dependence provided partial inoculation, no sequential dependence provided maximal inoculation. These findings might be interpreted as examples of blocking (vom Saal & Jenkins, 1970) , in that exposure to conditions facilitating responding in accordance with symmetry blocked control by a second property when responding according to either property was allowed.
There was no comparably strong evidence of inoculation against competing responding in accordance with symmetry during the less sequential conditions following an initial exposure to the stimulus materials that fostered responding in accordance with sequence. However, during the no-sequence condition there was no sequence option, and if measured only by the results from subjects who responded systematically during the moderately sequential task, there seems to be some indication of blocking even in this direction: Five of six subjects (83%) with no prior exposure responded in accordance with symmetry, and 9 of 16 subjects (54%) with a prior exposure to the highly sequential task responded in accordance with symmetry.
The interpretation in terms of blocking is strengthened by the fact that none of the subjects who responded in accordance with the sequential relation in the first phase of the test in the high-sequence condition changed to responding in accordance with symmetry during the final six trials of the second phase, that is, after four trials in which the sequential option was omitted. The inclusion of these four trials gave the test the character of multiple negative comparison training (Harrison & Green, 1990) . In the present case, this would be expected to encourage responding in accordance with symmetry during the test, as it did for 5 of 11 subjects who responded unsystematically during the first test phase.
A few remarks should be added about the interpretation of individual indices of symmetry and sequence. First, there is a problem of deciding to what extent the sequential relation was critical to sequence-consistent performances, because the comparison stimuli that allowed for the emergence of sequence relations were also novel, that is, not presented during training. Hence, "novelty" could control sequence-consistent responding as a positive comparison as well as symmetry-consistent responding as a negative comparison stimulus. This does not seem to be a serious flaw, because differences were obtained between the high and moderate conditions. The importance of novelty relative to sequence could have been determined by the introduction of a third comparison that is also novel but less relevant to sequence. Second, as shown by Holth and Arntzen (1998) , in a three-choice task, a subject can respond systematically, selecting a different comparison for each sample during testing, but according to a different pattern than the one predicted by the experimenter, for example B1-A2, B2-A3, and B3-A 1 instead of the predicted B 1-A 1, B2-A2, and B3-A3. On a two-choice symmetry test, half of such cases would come out as false positives. With the sequence option, the other half of these subjects would incorrectly be classified as responding in accordance with sequence. However, the differential probability of symmetry across conditions indicates that this kind of "accidental symmetry" was not prevalent in the present experiment.
Third, in individual subjects, unsystematical responding can indicate either of two things: The sample and comparison stimuli are related by neither sequence nor symmetry, or by both. If test trials without the sequence option changes responding so that a subject responds in accordance with symmetry only afterwards, sequence is likely to have played a role in that subject's responding before the sequence option was lacking. Further, if that subject did not respond consistently in accordance with sequence, samples and comparisons may also have been related by symmetry, with neither one relation "winning out." Hence, for 5 of 11 subjects who had indices from 0.2 to 0.8, these indices may indicate individual probabilities of responding in accordance with symmetry vs. sequence. Complicating matters even further, delayed emergence of consistent responding sometimes occurs on the basis of unplanned relations, and if initial indices are above 0.5 in a two-choice task, the emerging pattern is potentially a false positive (Holth & Arntzen, 1998) . Three of the five subjects who changed to symmetry in the second test phase had initial indices above 0.5. In the remaining 6 of 11 cases, when unsystematical responding continued even after the four trials where the sequence option was omitted, there is no basis for suggesting that the 0.2-0.8 indices are relevant to individual probabilities of symmetry vs. sequence.
Although the probability of responding in accordance with sequence vs. symmetry can possibly be accounted for in terms of combinations of particular histories and the level of sequential dependence of stimulus materials, on a more molecular level, the question remains how the subjects on a given test trial selected for symmetry vs. sequence. Reported visualizing/naming and repeated naming were strongly correlated with symmetry, and the reciting of letters in alphabetical order was correlated with responding to the sequence relation. Because responding in accordance with sequence during the sequential tasks may be explained by a mediating role of preestablished alphabetical intraverbals, no such salient preestablished response pattern helps explain responding in accordance with symmetry. Independent of any mediating effect of naming, visualizing, or alphabetical reciting, there is the question of what controlled those potentially mediating responses. Reciting letters in alphabetical order was initiated by the high-sequence condition, and was reported during the other two conditions only following the high-sequence condition. Visualizing was primarily reported during the no-sequence condition. Finally, the most frequent reports of repetition was during the moderately and highly sequential conditions. During the moderately sequential condition, repetition was significantly more frequent following the no-sequence condition than following the highly sequential tasks. For alphabetical recital, the converse was true. Thus, the results indicated that the reported collateral responses were a combined function of immediate contingencies and prior stimulus relations.
Experiment 2
Repeated naming of the sample P, for instance, and the correct comparison Q would make Q as much a precursor of P as P is a precursor of Q. Thus, repeated naming could entail bidirectional relations sufficient to serve the function of mediating behavior in symmetrical responding. Similarly, visualizing or naming the stimuli (sample and correct comparison) together or in repeated succession could entail adequate bidirectional functions. Saying letters in alphabetical order, however, would clearly not include the required bidirectional relations.
There are, of course, problems connected to the self-report data. First, the subjects' answers were simply scored by either one of the two experimenters, and the correspondences between reported collateral responses and test performances were derived from postexperimental interviews that did not differentiate rehearsal during training from rehearsal during either part of the test. In Experiment 2, collateral responses were recorded separately for training and testing. Second, there is the difficulty of estimating correspondence between a retrospective verbal report and its controlling variables (e.g., Nisbett & Wilson, 1977) , in particular when the discriminative stimuli are assumed to be private events (Skinner, 1945 (Skinner, , 1957 . To overcome these shortcomings in a similar attempt to derive categories of collateral verbal responses correlated with equivalence/nonequivalence, Wulfert et al. (1991) instructed subjects to "think aloud" during the whole experiment. The subjects were also pretrained to describe aloud each step while solving simple problems in arithmetic before being exposed to MTS training. Finally, the subjects' verbalizations during the whole experiment were audiotaped, transcribed in verbatim protocols, and categorized. As pOinted out by Wulfert et al. (1991) , this is an extremely laborious procedure, and it might initiate verbal responding that would not otherwise occur. The easily obtained self-report data from the present experiment may serve a similar function, as an aid to deriving potential classes of collateral responses correlating with different emergent relations. As Palmer (1991) has argued, complex cases may require interpretation in addition to experimental analysis to account for anomalies in the observed relations between controlling variables and behavior. Such an interpretation may involve private events, provided that the private event and its controlling variables are credible, considering the history of the organism. The next step, however, is to establish experimental control of those classes of collateral behavior. Hence, the second experiment was aimed at gaining experimental control over the subjects' collateral verbal behavior as a means of controlling symmetry indices. In successive repetitions of the same MTS task, the subjects were instructed, alternatingly, to engage in overt bidirectional responding as in visualizing or repeated naming, or unidirectional collateral responding as in naming letters in alphabetical order.
Method Subjects
Ten adults served as subjects. The subjects were either college students or staff members at treatment centers for autistic children and youths. All subjects volunteered to participate.
Apparatus
The apparatus was the same as in Experiment 1.
Procedure General information and instruction.
The general information and instruction were identical to those in Experiment 1, except that the subjects were told that the experiment would have four different parts of training and that the session would last for approximately 45 min.
Training and testing. Visual stimuli were displayed on the monitor, and response consequences were the same as in Experiment 1. One assortment of letters in alphabetical order, constituting a highly sequential task, were repeatedly used as stimulus materials in three successive conditions: (a) The repetition condition, (b) the alphabetical responding condition, and (c) the visualizing condition. A fourth, Greek letter, condition was run as a control to ensure that symmetry would result from the conditional discrimination procedure with nonsequential stimulus materials. In Conditions 1-3, there were three phases of training; each phase with a learning criterion of 10 consecutive correctly completed trials. During Phase 1, the stimuli were always P (Q, G), and in Phase 2, the stimuli were F (Q, 9). The two sets were randomly mixed for conditional discrimination training in the third phase. In the test following training, the stimulus sets Q (P, R) and G (F, H) were quasi-randomly mixed during two identical 10-trial blocks. Touching P when Q was the sample and F when G was the sample would be in accordance with symmetry. Touching R or H showed responding appropriate to sequence.
Condition 4, with Greek letters, was similar to Condition 3 in Experiment 1, but with a corrected training procedure in which the component simple discriminations were established prior to the conditional discrimination. Following the first five trials of Phase 3 of the training in each condition, the scheduling of the music changed to variable ratio 2.
Task-specific instructions. Each condition started with the experimenter reading a task-specific instruction, followed by training and a symmetry test. The instructions given prior to the different conditions were as follows:
Repetition condition: The experiment will have four different parts, and prior to each new part, you will receive detailed instructions on how to perform the next task. During the first training, your task is first to touch the stimulus presented in the upper square (the experimenter points to a drawing of the monitor). Then, two more stimuli will appear in the two squares below (the experimenter points to the two sample stimuli on the drawing). You cannot know which one is the right one to touch before you have tried, but as soon as you have discovered which is the right one, it is your task every time a stimulus appears in the upper square first to touch this one, for instance R, and then to repeat the name of this stimulus and the name of the correct stimulus below, for instance V, in rapid succession. In the present example, then, you would first press the R, causing V and T to appear, then say aloud: R-V-R-V-R-V-R-V, and then touch the V, which will be followed by music before a stimulus is again presented in the upper square. Please remember to repeat the letters aloud. Are you ready?
Alphabetical condition: Now, every time a stimulus is presented, your task is to name the letter prior to it in the alphabet and then to name the letter you are going to touch before you touch it. If, for instance, D appears in the upper square (the experimenter points to the drawing), you will say 'G,' and then 'D' before you touch the D. Please remember to speak aloud again, OK? Visualizing condition: You have just finished the second part. In the third part, your task is to visualize the letter in the upper square together with the correct letter below, and also to try to visualize these as the initials of a particular person or as an abbreviation for the name of an organization or whatever you come to think of. J. F. , for instance, could be the initials of John F. Kennedy, and T. P. could be short for Twin Peaks, etc. As soon as you know which stimuli are correct to touch, try to visualize the letters as initials or shortened form of something, and tell me exactly what you visualize. Please remember to visualize during the following trials.
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Behavior recorded. Key presses were recorded, and indices defined as in Experiment 1. Although the subjects were only instructed to perform the task specific collateral responses during training, any collateral vocal behavior was recorded manually by the experimenter both during training and testing. The reciting of sequences of two letters in the repetition condition was scored as fluent (F; e.g., P-Q-P-Q-P-Q). The verbal responses during the alphabetical condition were scored as alphabetical (A) or nonalphabetical (NA). In the visualizing condition, the experimenter recorded how many of the relevant letters were represented by the names of the items the subjects reported visualizing.
Results
During the successive conditions (a) repetition, (b) alphabetical responding, and (c) visualizing/naming, six, seven, and nine subjects, respectively, complied with the instructions to perform the specific collateral responses during training. Five of the subjects complied with the instructions during training throughout the experiment. Only the individual data for these five subjects, that provide comparative data across all conditions, are presented in Table 4 .
For these subjects, correspondences between rehearsal condition and selection pattern during testing are plotted in Figure 4 . In the repetition condition, four of the five subjects responded in accordance with symmetry. The only subject (#46) who did not respond in accordance with symmetry was one of two subjects who did not talk aloud during the test.
In the alphabetical condition, four of the five subjects continued complying with the instruction during the test, and all four subjects responded in accordance with sequence. One subject (#42) changed to uttering the names of letters in nonalphabetical order and did not respond systematically during the test.
During the visualizing condition, as well as during the fourth, Greek letter, condition, all subjects responded in accordance with symmetry. The five subjects who did not comply with all instructions during training either (a) uttered the names of samples and comparisons in distinct pairs (e.g., "PO ... PO," instead of "P-O-P-O-P-O"), or (b) did not name letters in alphabetical order.
Discussion
The results showed that when subjects complied with instructions to rehearse certain collateral responses constructed to entail reciprocal or bidirectional discriminative functions during training enhanced symmetry, while instructions to engage in unidirectional response chains, that is, reciting letters in alphabetical order, during training was accompanied by increased rates of indices in accord with sequence. Thus, selection patterns in accordance with symmetry versus sequence were demonstrated to switch within the same stimulus material, as a function of instructions to perform collateral bidirectional versus unidirectional labeling.
In spite of a high correspondence between test performance and verbal behavior during the test, there is no way to prove that the two classes of behavior correlate because one is a relevant variable in the production of the second, rather than that the two classes result from a common set of variables. For instance, the instructions to engage in specific collateral responses may concurrently have served as instructions for the respective test performances.
However, the extent to which selection patterns and collateral labeling covary as a higher order class (Catania, 1995) changes in relative rates of indices in accordance with symmetry versus sequence, or changes in the portion of subjects conforming with the different instructions, or both. If the correspondences between patterns of labeling and patterns of stimulus selections are robust across levels of sequential dependency of stimuli, the generality of the relevance of collateral responses to the selection pattern is increased. In contrast, to the extent that selection patterns on some tasks are shown to vary independently of compliance with instructions to perform unidirectional versus bidirectional labeling, the importance of these kinds of labeling will seem to be significantly diminished.
General Discussion
Although the establishment of stimulus equivalence has been the focus of much interest during the last 10 years, little research has been concentrated on the maintenance, disruptability, and flexibility of equivalence classes (Wilson & Hayes, 1996) . Sidman (1993) has argued that the behavioral tests for equivalence have proven so consistent that divergent results are considered artifactual. Some artifactual results, and a number of variables responsible for them have been summarized by Stikeleather and Sidman (1990) . They include contextual control: When stimuli are members of different equivalence classes or are related to each other in various ways, other stimuli may exert contextual control, obscuring some of the possible equivalence relations. For instance, although "four" may be equivalent to "three" and "five" as members of the class of "numbers between zero and ten," in a different context, the numbers are primarily related by order or sequence.
The present study was an attempt to differentiate some variables of potential relevance to the problem of divergent outcomes of symmetry tests with language-able subjects. The experiments were designed to facilitate performances in accordance with either symmetry or with sequential relations. In Experiment 1, formal classes of collateral responses correlating with each kind of emergent relation were derived from postexperimental interviews. In Experiment 2, responses pertaining to those classes were manipulated experimentally by instructing the subjects to engage in specific kinds of collateral responses. The results showed that (1) exposure to conditional discrimination training with preexperimentally established highly sequential stimulus materials reduced the probability of responding in accordance with symmetry during following tests, (2) initial exposure to conditional discrimination tasks involving highly sequential materials increased the probability of responding in accordance with sequentiality in a task with moderately sequential materials, and (3) instructions to engage in certain collateral responses constituting bidirectional chains during training enhanced symmetry, whereas instructions to engage in highly unidirectional response chains during training increased rates of responding appropriate to sequence.
Extensive attempts have been made to identify varieties of potentially mediating responses in the emergence of stimulus equivalence (e.g., Bentall, Dickens, & Fox, 1993; Bentall & Lowe, 1987, Dickins, Bentall, & Smith; 1993; Dugdale & Lowe, 1990; Horne & Lowe, 1996; Mcintire, Cleary, & Thompson, 1987) . Although naming or some other kinds of differential responding have been shown to facilitate the emergence of equivalence (Eikeseth & Smith, 1992) , there is still no conclusive evidence as to whether conditional discrimination requires differential responding to the conditional stimulus (e.g., Dickins et aI., 1993) , and some studies even seem to contradict it (Schusterman & Kastak, 1993; Sidman et aI., 1986 ).
Sidman's four-term contingency (Sidman, 1986) does not require a differential response to the conditional stimulus. However, the conditional stimulus must in some sense be discriminable to the subject, and although the discrimination is usually often seen in the contextual control of the three-term contingencies, a differential response to the conditional stimulus might well be relevant to how the four-term contingency works-possibly as a chain of three-term contingencies. Repeated naming of the sample and the correct comparison stimulus could serve the function of mediating behavior in symmetrical responding. Horne and Lowe (1996) described this kind of bidirectional responding as intraverbal naming. Similarly, visualizing the stimuli (sample and correct comparison) together or in repeated succession could entail adequate reciprocal discriminative functions. The problem of explaining emergent relations, as when stimuli are related by symmetry, would then be identified as a problem of pinpointing contingencies responsible for generalized bidirectional responding to sample and comparison stimuli. A first step in exploring the relevance of previous exposure to contingencies, however, might be to manipulate the recent experimental history, as in the present experiments.
In sum, "emergent" relations, as in symmetry, may be influenced by collateral verbally based responding during training and testing. When manipulated effectively, the classes of collateral responses derived from the subjects' verbal reports may yield important variables in influencing probability of symmetry formation. Thus, when subjects are brought to engage in overt strategies, the present data show a close correlation between the occurrence of collateral responses that seem to entail reciprocal discriminational functions and the demonstration of symmetry. Accordingly, the occurrence of unidirectional collateral response chains as in reciting letters in alphabetical order correlated strongly with responding appropriate to the sequence relation.
